Translated by Lydia Razran Stone.
If we are to develop a scientifically based methodology for teaching foreign languages we need not only to understand the laws governing acquisition of speech skills and abilities, but also to have a clear idea of the speech production mechanism in both foreign and native languages. The more precise our understanding of these issues, the greater will be our ability to develop an appropriate methodology, and the more effective the instruction process will eventually be.
However, contemporary psycholinguistics-the science concerned with the course of speech behavior-has not yet developed a unified, integrated framework for the mechanism underlying speech production and perception. At the present time, the arsenal of this science contains only a number of hypotheses, whose experimental verification has not yet led to definite unambiguous conclusions insofar as the critical experiment that would enable one hypothesis to be confirmed and another to be refuted has not yet been found. 1 Nevertheless, there does exist a "natural experiment" that would make it possible to approach a solution to this problem. I mean the cases of a special speech disorder -aphasia. When aphasia occurs as the result of lesion of specific areas of the cerebral cortex, very specific components of the speech mechanism are impaired. If we analyzed which particular components suffer in different forms of aphasia, we would be able to make some conclusions about the various components of the speech process. Of course, in this case the accuracy of our conclusions concerning the speech mechanism would rely on the accuracy of our analysis of aphasic disorders.
Contemporary neuropsychology considers the ability to speak as complex functional system, which includes many components and depends on the coordinated operations of many areas of the cerebral cortex, each playing a specific role.
2 When one of these cortical areas is damaged, speech as a whole suffers; however, each time, the impairment is specific, depending on the specific function of the brain area involved, the secondary systemic impairments it evoked, and the functional restructurings that occurred as a result. Thus, the external picture of an aphasic disorder is composed of primary, secondary, and tertiary factors, and, if one is to identify the primary defect, one must use a special type of analysis, so-called analysis of neuropsychological factors. Only qualitative structural analysis will enable understanding of the mechanism of the impairment, as well as the mechanism underlying normal operation of the function. While this will not eliminate the difficulty of extrapolating data obtained from pathologies to the norm, such analysis will make this essentially possible. In the works of A.R. Luria the rationale for performing this analysis has been primarily developed. His research on impairments of higher cortical functions, and, in particular, aphasia have made it possible to draw certain conclusions concerning the mechanism underlying the normal speech process.
In this article, we will attempt to summarize the conclusions concerning the mechanisms of language production that follow from Luria's concepts of the structure of aphasic disorders. We will do this by sequentially considering all the forms of aphasia identified by Luria and tracing the leading linguistic impairment evoked by the primary defect in brain functioning and how it affects expressive speech. 3 In this way we will attempt to explain what components are necessary for the normal speech production process.
We will begin our consideration of the types of aphasia with the group marked primarily by the disruption of expressive speech.
Dynamic aphasia
The syndrome of dynamic aphasia occurs after lesion in the area of the frontal lobe of the left cerebral hemisphere, located to the front of Broca's area. The symptoms of this form of aphasia are extremely varied: ranging from very mild impairments, which are almost undetectable by an outside observer to gross deterioration of expressive speech. What all forms of dynamic aphasia have in common is the fact that, while the patients cannot produce well-formed discourse (or developed narrative speech), they have no difficulty with oral repetition, naming objects, or understanding speech. In other words, they have neither sensory-nor acousticmemory impairment and no, or virtually no, motor impairments. Such patients easily list the days of the week and months of the year, they can reproduce memorized phrases (set phrases, sayings, lines of poetry), they have no difficulty answering questions that require only a short answer. These patients' difficulties with speech manifest themselves only when they have to actively construct a long, well-formed utterance. Such patients cannot tell you about themselves in detail, recount something they have heard or seen, or write a letter.
For the purposes of our analysis, we can identify two different types of symptoms of dynamic aphasia. One of these is closer to general lack of spontaneous speech, in which the brain lesion has somewhat more anterior localization; the second is closer to efferent motor aphasia and is evoked by more posterior lesion. In clinical practice most often both types occur together. But typically one of the types predominates. In describing them separately we are oversimplifying to some extent, however, this is inevitable in any analysis. 4 First type of dynamic aphasia. Luria writes, "The group of frontal 'dynamic aphasias' includes variants in which . . . the entire picture amounts to gross impairment of the active, fluently unfolding speech production process. Typically, the cause of this impairment is a breakup of the unity of thought and speech, which manifests itself in acute difficulty in generating a coommunicative intention, an utterance "plan" 5 The extent to which utterance planning is disrupted may vary: in severe cases, the patient cannot and does not try to initiate speech; in milder forms, the impairment may be almost undetectable to an outside observer, and only manifest itself when there is a need to plan a relatively extensive utterance. (Such patients cannot make up a story, or coherently tell one about a picture, but they can fairly readily tell you a story suggested by a series of pictures, where the sequence of the pictures implies the plan of the story.) In Luria's words, "such patients complain of a kind of emptiness in their heads," noting that their thoughts "stand still and do not move forward," and that they have great difficulty when they have to initiate some sort of active narration. They imply that they do not have a clear internal representation of what they want to say. ("Before, I had a clear idea that I needed to say such and such, and now I want to start, but there is nothing there in front of me, just emptiness"). 6 Luria hypothesizes that patients with this form of aphasia are suffering from impairment of the inner dynamic schema of an utterance, as a result of which "general thought does not get embodied in an inner speech schema, and does not go beyond a general, unformulated intention" 7 and thus cannot serve as the basis for constructing an utterance. In Luria's opinion, this impairment is engendered by the breakdown of inner speech, which he, like L.S. Vygotsky, considers a derivative of external speech, differing from it in structure and functions. According to this point of view, inner speech is directly tied to the abbreviation of an extensive utterance into a general "sense schema" and the expansion of the general " sense schema" into a full utterance (see about Vygotsky's notion of "sense" in the note -T.A.). 8 Thus, in patients suffering from frontal dynamic aphasia, gross defects in the active construction of developed narrative speech are the result of the breakdown of these abbreviated inner speech schemas, which serve as the basis for unpacking the utterance. It follows from this that the construction of an inner speech schema for an utterance (discourse plan) is a necessary component in speech production.
The second type of dynamic aphasia, as noted above, is similar to efferent motor aphasia. Both types of aphasia involve a pathological inertia, which in the efferent motor aphasia syndrome clearly manifests itself in all tests, while in dynamic aphasia-it is exhibited only in responses to complex tests.
This type of dynamic aphasia differs from the type described above in that patients with the second type of dynamic aphasia show less severe defects in speech initiative, but on the other hand have more extreme difficulty with the grammatical construction of sentences. Although the speech of patients in the first group is grammatically simplified and does not contain any complex "remote" (with an embedded clause) or "inverted" constructions, it is devoid or almost devoid of agrammatical constructions. In contrast, the speech of patients in the second group frequently contains errors in agreement, government, word order, and use of verbal aspect and tense. These patients face difficulties performing isolated grammatical operations: forming words with the same root, declining nouns, conjugating verbs. All this information attests to a profound impairment in the grammatical system of speech in these patients.
We can conclude from the above summary that both types of dynamic aphasia involve impairment of active fully formed speech while habitual speech (e.g., listing of the days of the week) are retained. But while this can be explained in the first instance by disruption of the inner speech schema of an utterance, in the second case, we must resort to an explanation based on disruption of the grammatical structure. This conclusion supports a hypothesis that the speech production mechanism contains also an t operation of grammatical structuring, i.e. phrasal costruction.
Efferent motor aphasia
This form of aphasia occurs when there is a lesioon of the lower premotor area of the left hemisphere, which is known as the classical Broca's area. The primary defect evoking this type of aphasia involves impaired kinetic organization of the fine motor movements in general and of speech acts in particular. This defect leads to the disruption of sentence schemata, which conjoins this type and the one described above. In efferent motor aphasia, the impairment of the grammatical structure of phrases is very blatant and takes the form of "telegraphic speech." One of Luria's patients suffering from this form of aphasia told the story of his disorder in the following words: " Here front . . . and here . . . attack . . . and here . . . explosion . . . and here . . . nothing . . . here . . . operation . . . splinter . . . speech, speech . . . speech."
9 Using Chomsky's terminology, one could say that in these patients even nuclear propositions are damaged and obligatory transformations are lost.
But the difficulties these patients have are not limited to those described. A second manifestation of the primary defect is the breakdown of word articulatory program. In severe cases of efferent motor aphasia, patients who are able to imitate individual movements of the tongue and lips and repeat isolated sounds are unable to pronounce that serially organized set of articulations that make up a word. In these patients, there is a breakdown of the normally strongly automated smooth series of efferent commands that make up the articulatory schema of a word. As a result, although they can manage the articulation of individual sounds, they cannot pronounce them as part of a whole word that is composed not of "pure sounds" but their positional forms, which depend on the preceding and following sounds in the word.
Thus, disruption of the kinetic structure of the speech act leads in these patients to the breakdown not only of the sentence structure but also of the syllable-by-syllable articulatory program of words, and thus more broadly of the phrase. Consequently, the speech production process contains as a component the syllabic kinetic schema of an utterance. * * * While all the types of aphasia described above occur as a result of lesion of the frontal portion of the brain, all the remaining forms of aphasia occur after damage to the back portions of the dominant hemisphere's cortex. The frontal portions of the brain provide the "morphological basis for programming and implementing behavioral acts varying in complexity" 10 and speech acts in particular.
These operations proceed on the basis of successive synthesis, that is, integration of excitation in sequential, serially organized series. 11 In contrast, the posterior portions are perceptual and gnostic and perform their functions on the basis of simultaneous synthesis, that is, integration of excitation in simultaneous groups. When participating in motor acts, the posterior portions monitor the performance of actions, and provide adjustment and differentiation.
Let us turn now to the consideration of those forms of aphasia that occur when the posterior portions of the left hemisphere's cerebral cortex are damaged.
Afferent motor aphasia
This form of aphasia is caused by damage to the lower portions of the postcentral area. The primary deficit, which is the basis for this form of aphasia, is the disruption of afferentation from movements, or, to be more precise, "the disruption of cortical analysis of motor impulses." 12 This damage to speech kinesthetic afferentation leads to a loss of the fine motor differentiation required for accurate implementation of an articulatory program. In severe cases, motor problems are so bad that the patients cannot produce a single articulate sound. When they try to repeat one or another sound, they move their lips and tongue, and puff out their cheeks, but do not hit on the articulation required. In mild cases, patients merely slip into similar articulation patterns. Usually, patient's actual speech, especially the pronunciation of certain well-mastered set phrases, suffers less than the arbitrary repetition of individual sounds. This fact suggests that afferent motor aphasia primarily affects not the program itself but the use of the program.
Difficulties finding exact articulation induced by impairment of kinesthetic analysis and synthesis suggest that the process of speech production, or, more precisely, the execution of speech, has a component involving selection of sounds (articulation patterns) on the basis of kinesthetic features. * * * In addition to classifying aphasias as described above (aphasias occurring as a result of damage to the frontal or posterior parts of the brain), there is another classification system: impairment of expressive speech vs. impairment of understanding or perception of speech. This classification scheme is traditional, albeit somewhat arbitrary, insofar as, for example, aphasias that are traditionally considered receptive also involve severe problems with expressive speech (See, semantic and acoustic-amnestic aphasia below). All the types of aphasia considered above belong in the expressive disorder group, and all those that will be discussed below are in the receptive group.
We will begin our consideration of this group of aphasias with semantic aphasia, where one of the most complex aspects of speech behavior (performance) is disrupted.
Semantic aphasia
This form of aphasia occurs due to the lesion of the parietal-occipital (or more accurately, parietal-temporal-occipital) areas of the left cerebral hemisphere. The impairment of speech in semantic aphasia manifests itself in difficulties finding words and in defects in understanding logical-grammatical constructions. Researchers, in particular, A.R. Luria, have hypothesized that the mechanism underlying this form of aphasia involves defective simultaneous synthesis. The patient understands the details of what is said, but cannot combine them into a single integrated picture. Thus, for example, the patient understands the meanings of the words "father" and "brother," but the meaning of "father's brother" is beyond him. At the same time, the disruption of simultaneous synthesis leads to an impairment of the "semantic structure" of the word. As Luria writes, "in this disorder, the image directly associated with the word or the object to which it directly relates is retained, but the entire system of connections and associations that the word brings with it is profoundly impaired."
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This breakdown of the system of relationships associated with each word leads to the disruption of the normally automatic retrieval or words and patients begin to have difficulty finding words, taking a long time to search for the word they want or replacing it with verbal paraphasias. (These difficulties are especially obvies when a patient is asked to name a particular object). The need to search for words and paraphasia suggests that in this group of patients there is difficulty in concretizing the broad subjective meaning of the inner plan in specific precise words, that is, the operation of retrieving words on the basis of their semantic paradigm is impaired. Thus, the mechanism of speech production must include a component involving meaning based selection of words. Acoustic-amnestic aphasia This type of aphasia occurs when there is lesion of the middle areas of the left temporal lobe and manifests itself in a weakness of the auditory-speech memory traces. Patients in this group are unable to retain a long phrase or series of words in memory. They experience gross difficulties finding the words they need, especially when naming objects and phenomena. On the surface, the disruptions of expressive speech experienced by patients with the acousticamnestic aphasia are similar to the difficulties of semantic aphasia, but careful observation reveals differences both in the symptoms and in the mechanisms of these difficulties. Thus, patients with semantic aphasia respond readily to hints, while patients with damage to the temporal areas of the cortex are not helped even by very extensive hints. This fact suggests that naming difficulties here are based on a weakening of acoustic-gnostic connections. This hypothesis is confirmed by the infrequent phenomenon of semantic alienation <, which demonstrates the similarity of this form of aphasia to sensory impairments.
Comparing this type of disorder of expressive speech with the preceding, we must hypothesize that there are either two levels of word storage or two ways to retrieve words. While in semantic aphasia, the selection of words on the basis of meaning is impaired, in acoustic-amnestic aphasia, there is an impairment of word form selection, its acoustic representation. (This point will be further discussed below.)
Sensory aphasia
The sensory aphasia syndrome occurs when there is damage to the posterior third of the uppertemporal gyrus. The mechanism of this type of aphasia in some respects is close to the mechanism of acoustic-amnestic aphasia. (Cf. dynamic syntactic aphasia, which is close to efferent motor aphasia). Subtle impairments of acoustic gnosis, which are observed in cases of acoustic-amnestic aphasia, are very pronounced in sensory aphasia, and are manifested in the breakdown of phonemic perception.
Impairment of phonemic perception is seen primarily in the speech perception and causes impaired understanding and phenomena of alienated word meaning, in which the patients can repeat (imitate) the pronunciation of some word, but cannot understand its meaning.
14 In severe cases, patients with sensory aphasia perceive other people's speech as inarticulate noise; in mild cases, they have difficulty only in recognizing "oppositional phonemes: (b-p, m-m', etc.)
The expressive speech of these patients is relatively less impaired. In mild cases the patient exhibits only difficulty in finding words and makes isolated errors in pronunciation (literal paraphasia). In more severe cases, the patients' speech becomes unintelligible and turns into "word salad." But even when aphasic impairments are severe, certain often-used words, whose pronunciation does not require special phonetic analysis, and that have long been automated into speech motor programs can be pronounced without error. An example of such set phrases could be such expressions as: "you know . . .," "I mean. . . ." Thus, acoustic by their nature processes participate in the mechanism of speech production. Impairment of such processes affect both word retrieval (long searches for words, verbal paraphasia), and sound retrieval (literal paraphasia). This suggests that the acoustic control of word and sound retrieval is a component mechanism of speech production.
Having included this in the set of component mechanisms in speech production, we can move on to conclusions, insofar as we have considered all the forms of aphasia identified by Luria. For greater clarity, Table 1 shows the relationship between types of aphasia and the components of language production process. Thus, as a result of consideration of speech impairments in various forms of aphasia, we have identified seven component mechanisms of language production. We will now attempt to establish what place each component occupies in the language production process.
Obviously, language production starts with an inner dynamic representation of the future utterance, or, in other words, with an utterance plan in innner speech. This plan is the condensed, inner speech equivalent of the future external utterance. It differs from external speech by virtue of its lack of grammatical form, its special semantic system, and its reduced phonetic form. These are the characteristics of inner speech identified by L.S. Vygotsky, 16 but they also follow from our material. Here we can use the following argument: if inner speech lacks grammatical structure, then to transform it into external speech would require grammatical structuring. And, on the contrary, if there is a mechanism of grammatical structuring, it means that inner speech lacks grammatical structure. In our analysis of the forms of aphasia, we have identified, in addition to grammatical structuring, a mechanism through which words are retrieved on the basis of their meaning and a complex multistep process for retrieving the full acoustic form of the word. Thus, the inner speech plan truly has a special semantic structure, lacks grammatical form, and has a reduced acoustic form.
How does the elaboration of the inner plan of an utterance proceed? We may hypothesize that after the costruction of the inner speech schema the retrieval of words occurs.
Before discussing how the selection of semantic units proceeds, we must attempt to answer the question of what carries the meaning of the future utterance previous to word retrieval. Of course, we cannot hypothesize the existence of "pure" meanings devoid of any material support or material expression. In the same way we must refute the viewpoint of some aphasia researchers and interpreters who propose that meanings (or concepts) have their own anatomical-physiological substrate and are only associatively related to words. The adherents of this viewpoint associate the concept, that is, an ideal phenomenon, directly with a specific brain structure (cf., e.g., the "ganglionic equivalent of a concept" in Roberts and Penfield
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). Thus, embodying a concept in words is considered to be the same kind of function of a particular brain element as the output of insulin by the pancreas. It is clear that this sort of vulgarly materialistic interpretation is unacceptable. (Now I look with a smile at this very simplistic reasoning which was typical for Russian psychologists of that time. However today I agree with my next passage, where I cited E.V. Il'enkov -T.A., 2003.) The meaning of a word (like that of a concept in the narrow terminological sense) arises and functions in the context of the "socially determined activities" 19 of human beings and exists as the capacity to represent an object using words. The word acts as the residence for a transformed form of the object, the body of the ideal form. Without the material sign the meaning could not exist. But is the word the only thing that can be the "body" of meaning? Along with L.S. Vygotsky and N.I. Zhinkin, we hypothesize that inner speech serves as a special code. Probably, this is a mixed code, its units are not limited to words, which in inner speech have subjective, rather than objective meanings (Vygotsky's idea), but also schematic images (N.I. Zhinkin's idea). 20 Once we accept the hypothesis of the special code of inner speech as being consistent with the data on aphasia, 21 we can move on to the issue of how this code is translated into the semantic units of external language, that is, to the issue of how word retrieval occurs. The results from the study of aphasia make it possible to identify two stages of word retrieval: retrieval of the word on the basis of meaning and retrieval of the full form of the word.
The presence of these two operations once again raises doubts: we seem again to be confronting the fact of the separation of word and meaning. To explain the presence of two steps in word retrieval we need to assume that in the human brain the signs carrying word meaning are presented as reduced forms of words, whose full form still have to be retrieved. According to this hypothesis, during the first stage, the subjective meanings of the utterance plan -what presented in the inner speech code -are to be converted into objective meanings, i.e. into the semantic units of a particular language, so that one searches for a word with the necessary meaning in the appropriate lexical group (paradigm), or to be more precise, not for the word per se, but for its reduced form; during the second stage the full acoustic form of the word is retrieved. (Now I suppose that a speaker can search for the meaning of a word and for both reduced and full forms of it. The studies of the "tip of the tongue" phenomena demonstrate that the word form can be stored in both reduced and full versions -T. A., 2003.) This hypothesis enables us to understand the generally accepted fact that a hint is a big help to a semantic aphasic but not to acoustic-amnestic aphasics. In a patient with semantic aphasia the first stage of word retrieval is impaired. Finding of the key sounds on the basis of the hint leads to immediate ecphoria [activation] of the word, insofar as the transition from key sounds to the full form has not been damaged. In the auditory-nominal aphasic, evidently the reverse is true, the second component process is damaged, and thus a hint that provides the key sounds does not help.
Observation of word retrieval techniques can provide indirect proof of this hypothesis. There are two such techniques. The first stage corresponds to the retrieval of words on the basis of a definite image (cf. the remembering of a "horsey" name in a story by Anton Chekhov); the second is word retrieval on the basis of key sounds (the reduced acoustic form), in which one goes through words that are similar in sound. 22 The two stages of word retrieval correspond to the two types of paradigmatic word associations: those based on meaning and those based on sound. Numerous word association experiments have clearly shown the existence of both types of associations, with meaningful ones being more active. 23 Furthermore, the hypothesis we have proposed does a good job of explaining the relative freedom of words and meanings, or, in other words, "lexemes" and "concepts," which E. Vereshchagin writes about in this book 24 . We do not know, whether these two stages of word retrieval follow one another or whether they are separated by the grammatical structuring of sentences. If we choose the second possibility, then the development of the utterance plan, expressed in the special code of inner speech, is followed by word retrieval, that is, translation of the inner speech code into the units of a particular language, represented by reduced (schematic) forms of words. Next comes grammatical structuring of the sentence, after which it becomes possible to find fully grammatically elaborated forms of words.
After the full acoustic form of a word is retrieved, evidently, comes the creation or search for the kinetic program for the utterance. As results of studying aphasia and research by physiological phoneticists show, this program is syllabic. 25 While it is being implemented, the most important thing is kinesthetic analysis, which is used to find a precise articulation pattern. The auditory as well as the kinesthetic analyzer participate in monitoring the pronunciation of sounds (see Figure 1) . Two types of operation occur in the process of language production. The first type includes constructing schemata of sentencesof varying levels of concreteness: production of an inner speech plan, grammatical structuring, and production of a syllabic kinetic schema of the utterance (leftmost column of Figure 1 ). These operations create the skeleton, the framework, the program for the next operation and involve combining elements associated by contiguity, into a sequential (successive) complex.
The second type of operation enriches the schema and makes it more concrete. These include retrieval of words and sounds (the right column in Figure 1 ). These operations involve selection of elements associated by similarity and comprising a simultaneous whole.
Thus, the combining of contiguous elements entails successive synthesis, and the retrieval of similar elements entails simultaneous synthesis. These two types of connections between linguistic elements identified by linguists 26 correspond to the two types of synthesis performed by the human cerebral cortex, 27 and, thus, the dichotomies of combining and selection, contiguity and similarity, succession and simultaneity correspond.
Disruption of the first type of operation primarily induced impairments in expressive speech, and disruption of the second type is associated with impairments of both expressive speech and speech reception. Thus, for example, afferent motor aphasia, involving the impairment of expressive speech, is caused by a defect in the selection of a pattern of soundarticulation. Therefore, the dichotomies listed above do not coincide with the dichotomy of impairment of expressive speech and speech reception.
This conclusion contradicts the model of R. Jakobson, 28 according to which the dichotomies of combination-selection, contiguity-similarity, coincide with the dichotomy of coding-decoding (expressive and receptive impairments of the speech function) but differ from the successivesimultaneous dichotomy. We will not discuss this in more detail but will provide a comparative table of the distribution of aphasias according to both models (see Table 2 ). 
Conclusion
What conclusions and hypotheses regarding the speech production mechanism can be drawn on the basis of modern understandings of aphasia? To answer this question we must again turn to Figure 1 . This diagram shows the component links of the speech mechanism and the hypothesized main direction, based on the sequence of speech production mechanisms. Speech production starts with the construction of an inner speech utterance plan. After this comes word selection (retrieval), which has two stages. First the broad subjective meanings of inner speech expressed in a special code are transformed into units of meaning in a particular external language. Because these meanings are expressed in reduced forms of words, the speaker must next find the appropriate full form of the word. However, he does this, most likely, only after constructing a grammatical schema for the sentence, which makes it possible for him to retrieve grammatically correct full forms of words. This operation is followed by the retrieval of a syllabic motor program for the utterance and its implementation, which is controlled by the kinesthetic and auditory analyzers.
The results of studies of aphasia make it possible to hypothesize that the process we have described is the most elaborated variation of language production, which may be abbreviated as a function of the type of speech and degree of automaticity of the speech material. Thus, one-syllable answers in dialogue do not require the active construction of a grammatical schema, but use the schema given in the question. Set expressions do not require various types of monitoring or grammatical structuring.
The proposed model of the speech production mechanism, based on results of analysis of aphasia, of course, must be verified and refined through further work. On one hand, this development could continue by studying aphasia. (For example, the detailed psycholinguistic study of dynamic aphasia could provide more detailed information on the inner speech utterance schema and grammatical structuring.)
On the other hand, the results of studying aphasia must be verified and reinforced with other data because the study of aphasia, while it has helped us to elucidate the components of the speech mechanism rather precisely, says nothing about the sequences of these components in the speech production and perception processes.
Despite the limited opportunities for using this method, it has proved useful. Comparing the speech production model based on the study of aphasia with other existing models, we notice its greater concreteness. All this compels us to consider the study of aphasic impairments as a method of psycholinguistic study of normal speech behavior.
Notes

